Introduction
In recent years, infections caused by nontuberculous mycobacteria (NTM) have been reported increasingly. Whether this is due to increasing prevalence or improved diagnostics remains unclear [1] . In countries like Sweden where routine BCG vaccinations have been suspended, the numbers of infections caused by NTM have increased [2] . More than 120 species of NTM have been recognized; many of them are ubiquitous and found in soil, food, water, and animals [1, 3] .
In children, the most common infection caused by NTM is cervical lymphadenitis [4] ; others involve skin, bones, lungs, central nervous system, or eye. NTM enter the body through skin abrasions, surgical trauma, oropharyngeal mucosa, and gastrointestinal or respiratory tract. Most infections localize at the portal of entry, or spread to the local lymph nodes. Impaired cell-mediated immunity predisposes the host to disseminated infection [1, 3] . Traditional antituberculous medicines are usually not effective against NTM, and these infections are often difficult to treat [5] .
Rarely, NTM can also cause chronic ear infections and mastoiditis [6] [7] [8] [9] [10] . Mycobacterium abscessus belongs to the rapidly growing mycobacteria and is considered to be the most dangerous, pathogenic, and therapy-resistant of the NTMs [5] .
We describe a child with mastoiditis caused by M. abscessus.
Case report
A 5-year old boy had a history of recurrent otitis media and therefore in January 2009 ventilation tubes were installed in both tympanic membranes. In and between March and May, the parents noted otorrhea from the left ear 4-5 times. In June, granulation tissue was noted on the left tympanic membrane (TM) on otorhinolaryngologic examination. After a benign respiratory infection in October, persistent otorrhea was recorded and treated with oral amoxycillin, saline irrigations and chloramphenicol ear drops. Bacterial culture of the secretion showed normal bacterial flora. The boy was referred to our hospital November 25th because of persisting otorrhoea. Before that the boy had had fever up to 38.5 8C for 3 weeks, headache, and redness of the skin behind left ear for 2 days.
At presentation left-sided auricular proptosis ( Fig. 1 ), postauricular erythema and tenderness were observed. C-reactive protein (CRP) was 24 mg/L. Otoscopy showed edematous external auditory canal filled with purulent secretion, and otomicroscopy revealed granulation on auditory canal and polyps on TM. The boy was treated with intravenous cefuroxime and prednisolon, and discharged two days later with oral cefalexin and prednisolon; chloramphenicol ear drops were continued.
The patient returned to the hospital because of continuing fever two days after discharge. CRP had risen to 43 mg/L. Computed Infections caused by nontuberculous mycobacteria (NTM) have been reported increasingly. Rarely, NTM also cause chronic ear infections. We describe Mycobacterium abscessus mastoiditis in an immunocompetent child, whose painless chronic otorrhea failed to settle with routine antimicrobial and local therapy. Polyps and granulation tissue were noted on the tympanic membrane. The diagnosis was made with staining on acid-fast bacilli and culture of mycobacteria in biopsy material. The successful treatment consisted of surgery, removal of foreign material (tympanostomy tube), and antimicrobials. Chronic otorrhea unresponsive to standard therapy can be caused by NTM and should be examined for the presence of acid-fast bacilli.
ß 2011 Elsevier Ireland Ltd. All rights reserved. tomography (CT) showed opacification of left middle ear and mastoid ear cells in combination with destructive changes of mastoid septations and external mastoid cortex ( Fig. 2 ). Magnetic resonance imaging (MRI) demonstrated more distinctively the inflammatory tissue changes with a subperiosteal abscess and a reactive inflammatory thickening of left temporal lobe dura ( Fig. 3 ).
Tympanomastoidectomy performed three days later revealed edema of the subcutaneous tissue, purulent secretion in the external auditory canal, edema and granulation on TM, and mucosal edema and purulent secretion in the mastoid process. A new ventilation tube of titanum was installed. Mucosal biopsy taken from the mastoid cavity showed granulation tissue. The antibiotic treatment consisted of intravenous ceftriaxone and metronidazole, and ciprofloxacin + hydrocortison ear drops. In a follow-up MRI inflammatory changes had diminished. Otomicroscopy five days after the surgery showed edema of the external auditory canal; and when the stitches behind the ear were removed, the wound opened, and revealed granulating tissue with serous secretion. The boy was discharged the next day with local wound treatment, daily ceftriaxone infusions, and ciprofloxacin + hydrocortison ear drops. Results of bacterial staining and culture taken from the mastoid cavity revealed acid-fast bacilli, and the boy was called to the pediatric hospital the following day.
A careful interview disclosed a grandmother who had suffered from pulmonary tuberculosis, but passed away before the boy was born. The boy was vaccinated with BCG, and had a scar of vaccination. He was a very eager swimmer, and used to swim in swimming pools and lakes. His erythrocyte sedimentation rate (ESR) was 38 mm/h, tuberculin skin test with Mantoux technique 6 mm, and chest X-ray normal. In vitro lymphocyte stimulation test with Mycobacterium tuberculosis antigens (TBSpot TM ) was negative for tuberculosis. Treatment with oral clarithromycin and rifabutin was started.
At follow-up visit two weeks later the external auditory canal was moist, edema had diminished, and the retroauricular wound was granulating. The boy had had fever 38.7 8C. ESR had lowered to 29 mm/h, and CPR to normal. Final result of the bacterial culture was available: M. abscessus which was sensitive to clarithromycin and amikacin; resistant to doxicyclin, cefoxitin and ciprofloxacin. Rifabutin (not tested) was discontinued.
A week later the wound appeared wider and more inflamed (Fig. 4) ; the external auditory canal continued macerated and with edema; ESR was 13 mm/h, and CRP normal. The tympanostomy tube was removed and clarithromycin continued. In addition amikacin once daily intravenously was started.
Three weeks later the boy's temperature was 37.1 8C, and he was gaining weight. The wound was dry and had started to heal; TM was visible and normal. ESR and CRP had normalized. Amikacin treatment was discontinued, and clarithromycin continued. At the next follow-up visit in February, four weeks later, the boy had not had fever for 10 days, the wound had half closed, and otoscopy revealed normal auditory canal and TM. Clarithromycin treatment was continued for six months, until June, when the wound had healed and the boy had been without symptoms for four months. In April the hearing thresholds of the boy's right and left ear were 5 and 20 dBs, respectively. At follow-up visit in August the boy did not have any complaints or abnormal findings. All analyses of possible immune system disorders (immunoglobulins, complement activity, interleukin-12 and gamma-interferon stimulation tests) were normal.
Discussion
NTM are found everywhere in our environment: soil and dust, water, domestic and wild animals, dairy products and eggs. Human-to-human transmission has not been reported [8] . Our patient was a frequent swimmer. The most probable vehicle of the pathogen was contaminated water and the most likely route of entry through the tympanostomy tubes. Other reported possible routes of infection in mastoiditis include the external ear, from pharynx through eustachian tube, hematogenous route or through contaminated instruments.
Immunodeficiency may predispose the host to NTM infections. Mutations in the IL-12 and IFN-g receptors have been found in patients with disseminated and relapsing NTM infections [11] . However, otitis or mastoiditis has occurred mostly in immunocompetent children. Our patient showed no abnormal immunological tests.
Our patient showed typical signs of mastoiditis caused by NTM. The general condition of the child was good, and unilateral painless chronic otorrhea failed to settle with routine antimicrobial and local therapy. There were both polyps and granulation tissue in the external ear canal and on the tympanic membrane [10] . CT and MRI demonstrated destructive otomastoiditis: acute infection of middle ear and mastoid air cells with destructive changes of mastoid septations and external temporal bone cortex and a subperiosteal abscess. The unhealed and discharging wound with granulation tissue after the surgery is typical for NTM infection [10] . Differential diagnosis should include infection caused by M. tuberculosis.
The diagnosis is made with staining on acid-fast bacilli and culture of mycobacteria in tissue specimens or discharge samples [12] . Histology of the biopsy material shows granulomatous changes. In NTM infections tuberculin skin test can react moderately, but the induration is rarely more than 15 mm [3] . Interferon gamma release assay (IGRA) with M. tuberculosis specific antigens is usually negative in NTM infections.
Spontaneous recovery of NTM ear infection is rare. Any foreign material should be removed (tympanostomy tubes) and affected tissue surgically removed [7, 12] . Antibiotic therapy should continue at least 2-3 months after disappearance of symptoms [8] . Clarithromycin and amikacin are the recommended drugs [5, 12] . Some patients have been treated with clarithromycin monotherapy, but combination therapy with at least one other agent (amikacin, cefoxitin, ciprofloxacin, rifampin, ethambutol, trimetoprim-sulfamethoxazole, doxycycline, or meropenem) is usually recommended [3, 9] .
In summary, chronic painless otorrhea in children unresponsive to standard therapy can be caused by NTM and should be examined for the presence of acid-fast bacilli.
